Individuals of Indian Asian ethnicity living in the UK have at least a 50% excess of cardiovascular disease (CVD) mortality compared with European whites, yet there are no validated tools capable of identifying this excess risk. Left ventricular hypertrophy (LVH) is a powerful prognosticator for future CVD events but its prevalence in Indian Asians is unknown. We examined the prevalence of LVH and the degree of concentric remodeling amongst healthy UK Indian Asians compared with European whites recruited to the LOLIPOP (London Life Sciences Prospective Population) study. Transthoracic echocardiography was performed in 2127 subjects aged 35-75 years without history of clinical CVD events. The prevalence of LVH was defined and relative wall thickness was calculated to provide a measure of concentric remodeling. The prevalence of LVH was significantly higher amongst Indian Asian men as compared with European white men, with an unadjusted odds ratio (OR) of 1.8 (95% CI: 1.4-2.6). Following adjustment for clinical and hemodynamic variables, the magnitude of this effect increased (OR 2.8, 95% CI: 1.9-4.2). The degree of concentric remodeling was higher amongst Indian Asians as compared with European whites (adjusted relative wall thickness for men: 0.41 vs 0.39, Po0.001; women: 0.40 vs 0.38, Po0.01). An almost threefold higher prevalence of LVH amongst Indian Asian men and a greater degree of concentric remodeling amongst Indian Asian men and women was evident. Investigation of the mechanisms underlying the pathogenesis of LV remodeling and blood pressure etiology may help redress the excess CVD mortality observed in Indian Asians.
INTRODUCTION
Amongst Indian Asians living in the United Kingdom, cardiovascular disease mortality rates remain at least 50% higher than, and in some subgroups over twice, that of the native population. 1, 2 As yet there are no plausible mechanisms or validated tools capable of identifying their excess risk as compared with European whites. Although Indian Asians are more susceptible to metabolic syndrome, hence a greater risk of developing type-2 diabetes and hypertension, the overall burden of 'traditional' cardiovascular risk factors tend to be lower amongst Indian Asians compared with European whites. 3, 4 Left ventricular (LV) hypertrophy (LVH) is a form of cardiac remodeling strongly associated with major cardiovascular events independent of blood pressure (BP), known risk factors and coronary artery disease. 5 Although disparities between ethnic groups in this important phenotype have been demonstrated, 6, 7 the prevalence of LVH amongst Indian Asians remains unknown. The pattern of LV remodeling may also carry independent prognostic information to LVH. 8 Hypertrophic and nonhypertrophic concentric remodeling, in particular, appear to be associated with greatest risk of future cardiovascular events. 9, 10 However, there is again no prospective data collected on this phenotype amongst Indian Asians, either in the United Kingdom or elsewhere.
We compared the prevalence of LVH, degree of concentric remodeling and quantitative measures of LV function between the United Kingdom Indian Asians and European whites recruited into the LOLIPOP (London Life Sciences Prospective Population) study.
MATERIALS AND METHODS
The methodology study design has been described previously. 11, 12 Briefly, we recruited 2164 Indian Asian and European white subjects, aged 35-74 years and free from clinical cardiovascular disease, between August 2004 and November 2007 from the LOLIPOP study. LOLIPOP is an ongoing population-based study of B30 000 Indian Asian and European white men and women recruited from the lists of 58 General Practitioners in West London. Indian Asian ethnicity was defined as an individual having all four grandparents born in the Indian subcontinent (India, Pakistan and Bangladesh). The study was approved by the Northwick Park and Ealing Hospitals Research Ethics Committees. Consenting subjects provided a full medical history and underwent physical assessment including office BP, height and weight measurement for body surface area (BSA) and body mass index determination, bioimpedance for adipose and lean body mass (LBM) estimation (Tanita Body Composition Analyzer, Tokyo, Japan) and an electrocardiogram.
Blood pressure assessment
Office BP was measured in a seated position using an automated device, with the average of three separate measurements at 1-min intervals recorded as the resting BP. Twenty-four hours BP monitors were fitted on all subjects, providing measures of mean systolic and diastolic ambulatory BP.
Echocardiography
Transthoracic two-dimensional echocardiography was performed by experienced sonographers using a digital commercial harmonic imaging ultrasound system with an S3 3-MHz-phased-array transducer (Philips IE33, Philips Medical Systems, Best, Holland) at a single center. LV dimensions were obtained in the parasternal short-axis view with measurement of the interventricular septal thickness in diastole, LV dimension in diastole, LV dimension in systole and LV posterior wall thickness in diastole, allowing the calculation of LV mass using the Devereux formula. 13 The presence of LVH was defined as an absolute increase in LV mass exceeding internally derived gender-and ethnicity-specific partition values ( mean þ 2 s.d.) from a reference subgroup of LOLIPOP participants (n ¼ 453), who have been previously characterized, 11 and who were included in this analysis. They consisted of normotensive individuals who were also free of clinical cardiovascular disease events, significant coronary artery disease, treatment for or evidence of other modifiable cardiovascular risk factors such as hypertension, dyslipidaemia, type-2 diabetes and smoking. When linear regression analysis was performed in this reference subgroup, weight was not associated with LV mass indexed by LBM (r ¼ 0.05, b ¼ 0.05, P ¼ 0.32), suggesting that this indexation method, which has been validated to identify LVH compared with height-based indices, 14, 15 was the most appropriate for this cohort. When indexation of LV mass was performed with measures of height or its allometric power (height 2.7 ), the associations with weight remained highly significant (Po0.001). Indexation by BSA did not remove the association with weight ( Po0.001), but LV mass values and prevalent LVH indexed to BSA are still presented in this study for reference and comparison.
Relative wall thickness was used to assess the degree of concentric remodeling and was calculated as follows: (interventricular septal thickness in diastole þ LV posterior wall thickness in diastole)/ LV dimension in diastole. LV end-diastolic and end-systolic volumes indexed to BSA were measured using Simpson's apical biplane rule from which stroke volume was derived. Ejection fraction was automatically calculated, following acquisition of the LV volumes using the Simpson's method. Fractional shortening was calculated as follows: (LV dimension in diastole -LV dimension in systole)/LV dimension in diastole.
Longitudinal myocardial function was quantified using on-line, pulsewave tissue Doppler imaging, with images acquired using low-velocity high-intensity myocardial signals at high frame rate (4150 MHz). The sample volume was placed at the junction of the LV wall with the mitral annulus of the septal and lateral myocardial segments from the apical fourchamber view, and inferior and anterior myocardial segments from the apical two-chamber view. Peak velocities (cm sec À 1 ) during systole (Sa) and early diastole (Ea) were measured on-line from all four mitral annular sites and then averaged. An estimate of LV filling pressure was obtained from the ratio of and the ratio of transmitral E-wave velocity and averaged Ea velocity (E/Ea).
Statistical analysis
Clinical and echocardiographic data were stratified according to ethnicity and gender with European white men and European white women serving as reference groups for comparison against Indian Asian men and Indian Asian women, respectively. Analysis of variance was used to test the differences in continuous variables, and w 2 -test was used to test the differences in categorical data between ethnicity-gender subgroups. Prevalence of LVH, with and without indexation, for LBM and BSA were first presented amongst the reference subgroup and in the entire cohort. Unadjusted and adjusted odds ratios for LVH amongst Indian Asian men and Indian Asian women compared with their European gender equivalents were then calculated. ORs were compared for different covariates with sequential adjustment using the following models: model 1 adjusted for BP variables (mean 24 h systolic BP, mean 24 h diastolic BP, use of antihypertensive medications); model 2 adjusted for metabolic variables (type 2 diabetes and adipose mass) in addition to model 1 and model 3, which adjusted for hemodynamic variables (stroke volume and fractional shortening) in addition to model 2.
The relationships of ethnicity and gender with relative wall thickness and with the tissue Doppler parameters of LV function were evaluated separately by analysis of covariance in a main-effects design, using Type III sum of squares and Bonferroni's correction for multiple comparisons. Adjustments for relevant confounders were made including age, mean 24 h systolic BP, mean 24 h diastolic BP, use of antihypertensive medication, presence of type-2 diabetes, adipose mass and LV mass indexed to LBM.
Statistical significance was defined as Po0.05, and all statistical analyses were performed using IBM SPSS version 19 (New York, NY, USA).
RESULTS

Clinical and demographic characteristics
Of the 2164 subjects enrolled in the study, 37 lacked completed echocardiographic measurements for derivation of LV mass. Of the remaining 2127 subjects, 716 (33%) were European white males, 778 (37%) were Indian Asian males, 252 (12%) were European white females and 381 (18%) were Indian Asian females. Table 1 summarizes the demographic, clinical and anthropometric characteristics of the cohort with comparisons made between the two ethnic groups and individuals of the same gender (for example, European white men vs Indian Asian men and European white women vs Indian Asian women). Although office-measured BP did not differ significantly between the two ethnic groups, mean 24 h systolic and diastolic BP were significantly higher Prevalence of LVH The internal partition values for determining the presence of LVH using different indexation methods are provided in Table 3 , with these cut-offs representing the mean þ 2 s.d. values amongst the reference subgroup, free of modifiable cardiovascular risk factors and significant coronary artery disease. Ethnicity-and gender-specific prevalence of LVH amongst the reference subgroup, with a low cardiovascular risk factor and coronary artery disease burden, and amongst the entire cohort is illustrated in Figure 1 . Prevalent LVH in the reference subgroup was o5%, with no difference in prevalence amongst Indian Asians and European whites of either gender regardless of the indexation method. In the entire cohort, LVH prevalence was much higher than amongst the reference group, being highest amongst Indian Asian men (LVH-BSA 17%, LVH-LBM 20%), which was significantly higher than observed amongst European white men (LVH-BSA 10%, LVH-LBM 11%, Po0.001).
In unadjusted models, Indian Asian men had approximately twice the odds of having LVH as European white men (Table 4) . Sequential adjustment for age, BP, metabolic and hemodynamic variables further increased this effect size. However, significant differences in the ORs between European white and Indian Asian women were not observed in unadjusted or adjusted analyses.
Relative wall thickness Indian Asian men and women had a greater degree of concentric LV remodeling than European whites, as evidenced by their higher relative wall thickness, before and after adjustment for covariates (Table 5) .
Myocardial function and LV filling pressure The differences in myocardial longitudinal Sa velocity, Ea velocity and the E/Ea ratio are summarized in Figure 2 . After adjustment for covariates, Indian Asian men had significantly lower Sa velocity, Ea velocity and significantly higher LV filling pressure than European white men. Indian Asian women also demonstrated similarly impaired longitudinal function and increased LV Figure 1 . Prevalence of left ventricular hypertrophy by race-gender subgroup and cardiovascular risk factor status. Similar prevalences of LVH are observed amongst European white and Indian men in the reference subgroup. However, in the overall cohort, Indian Asian men had significantly higher prevalence of LVH compared with European white men, regardless of LVH indexation method (Po0.001). Significant differences in LVH prevalence were not observed between European white and Indian Asian women, in neither the reference group nor the whole cohort. BSA, body surface area; LBM, lean body mass.
filling pressure compared with European white women; however, the difference in Ea velocity was of borderline statistical significance.
DISCUSSION
This is the first study to report an increased prevalence of LVH amongst Indian Asians compared with another ethnic group. Despite having lower LV mass, Indian Asian men had almost a threefold increased odds of LVH compared with European white men. LVH prevalence was similar between Indian Asian and European white women, although both Indian Asian men and women were observed to have a greater degree of LV concentric remodeling compared with European whites, a phenotype also associated with hypertensive heart disease. This study has important strengths, including its populationbased recruitment of subjects, the use of a well-phenotyped, reference cohort allowing the derivation of gender-and age-specific internal partition values for LVH and the measurement of ambulatory BP. This study highlights the importance of deriving internal partition values of LV mass for defining LVH, rather than applying externally derived cut-offs. Although Indian Asian men had lower LV mass than their European white counterparts, they were more likely to exhibit hypertrophic remodeling. A similar paradox has been reported when the relationship of gender has been examined with respect to LVH. Despite having lower absolute LV masses compared with men, a greater prevalence of LVH has been observed amongst women in several studies, [14] [15] [16] [17] commensurate with their higher risk of diastolic heart failure. 18, 19 Compared with the European whites, migrant Indian Asians living in the UK are known to have significantly higher risk of death from CVD 1,2 and incidence rates for congestive heart failure. 20 The burden of CVD in UK Indian Asians appears greatest in young men in whom the relative risk is at least twofold higher compared with European whites. 21 LVH is an important cardiovascular phenotype known to confer an increased risk of heart failure, coronary artery disease, stroke, arrhythmia and mortality. 22 Studies assessing the association of ethnicity with LVH have predominantly been conducted in American black, white and Hispanic populations. However, to the best of our knowledge, the prevalence of LVH amongst Indian Asians in the UK, or elsewhere in the world, has not been reported in the context of a population-based study. We have previously described a higher prevalence of concentric remodeling amongst normotensive Indian Asians compared with European whites, where prevalent LVH was similarly low in both groups. 23 The increased prevalence of LVH observed amongst Indian Asian men compared with European white men may be attributable to a combination of their increased 24 h BP burden, an established requirement for antihypertensive medications and their increased prevalence of type-2 diabetes. Although the odds of LVH amongst Indian Asian men remained unaffected after adjustment for covariates, the synergistic effects of these risk factors may not be adequately accounted for by statistical techniques alone. Several studies have supported the existence of a distinct diabetic cardiomyopathic process, characterized by increased LV mass and impaired LV function independent of relevant covariates including BP. 24 A recent study observed the prevalence of hypertension to be higher in normal and underweight Indian children than in Western countries, with no obvious mechanisms elucidated. 25 Target-organ damage in the form of end-stage renal failure is B4-fold higher amongst UK Indian Asians compared with European whites, with hypertension and diabetes again implicated as the most likely causal factors. 26 The findings of our study should stimulate further research into the determinants of the hypertrophic response amongst Indian Asians, namely known pro-hypertrophic mediators such as angiotensin II, 27 endothelin, 28 heterotrimeric G proteins 29 and genetic factors such as expression of the DD genotype of the ACE gene, which is associated with an increased risk of LVH amongst middle-aged Caucasian men. 30 There has been scant research into the pathophysiology of hypertension amongst Indian Asians and this may hinder the optimization of BP control in this ethnic group.
In this study, both Indian Asian men and women demonstrated a greater degree of concentric remodeling, expressed as the relative wall thickness, compared with European whites. Concentric remodeling of the left ventricle tends to manifest in situations of pressure-overload resulting in radial growth and thickening of the myocyte. Of the different patterns of LV remodeling, concentric hypertrophy is associated with the greatest risk of future cardiovascular events, 9 and is believed to ultimately the progresses to LV dilatation and failure in hypertensives. 31 There is also an evidence that non-hypertrophic concentric remodeling is associated with worse prognosis compared with subjects with normal LV geometry. 10 Both hypertrophic and non-hypertrophic remodeling of the heart are associated with subclinical impairment of LV function and increases in LV filling pressure. 32, 33 We observed Indian Asian men and women to have significantly impaired myocardial longitudinal function and LV filling pressure compared with European white counterparts, commensurate with their increased propensity to abnormal cardiac remodeling.
CONCLUSION
This study demonstrates an increased prevalence of LVH, a greater degree of concentric remodeling and worse LV function amongst Indian Asian men as compared with their European white counterparts. Although Indian Asians had a higher BP burden and prevalence of type-2 diabetes, the differences in LVH observed were independent of these and other clinical covariates. Additional studies are required to better understand the etiology of hypertension and mechanism of LV remodeling that occurs in this high-risk group.
What is known about this topic
The mechanisms underlying the excess risk of cardiovascular disease amongst Indian Asians are yet to be elucidated. Left ventricular hypertrophy (LVH) is strongly associated with major cardiovascular events and mortality, independent of other cardiovascular parameters.
Although the increased prevalence of this important phenotype has been well defined in other high-risk, ethnic groups, the true prevalence of LVH amongst Indian Asian is hitherto unknown.
What this study adds
In this population study, we observed a threefold increased prevalence of left ventricular hypertrophy amongst UK Indian Asian men, compared with European whites. Concentric remodeling of the left ventricle was more evident amongst Indian Asian men and women, compared with European whites. This is likely to be owing to their higher blood pressure load and diabetes prevalence.
